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Abstract 

We calculate one-loop corrections to the single-top-quark production via qq’ —> tb 
at the Fermilab Tevatron from the Pseudo-Goldstone bosons ( RGBs ) in the frame¬ 
work of one generation technicolor model. The maximum correction to the total 
cross section for the single-top-quark production is found to reach -2.4% relative to 
the tree-level cross section, which may be observable at a high-luminosity Tevatron. 
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I. Introduction 


Recently, the top quark was discovered at the Tevatron with the mass mt = 174.4 ± 
8.3GeR [1], which is of the order of the electroweak symmetry breaking ( EWSB ) scale 
fj, = = 246GeR. This means that the top quark couples rather strongly 

to the EWSB sector so that the effects from new physics would be more apparent in 
the processes with the top quark than with other light quarks [2], Experimentally, it is 
possible to measure all of the production and decay form factors of the top quark at the 
level of a few percent separately [3]. Therefore, theoretical calculations of the radiative 
corrections to the production and decay of the top quark is of much interest. In this 
paper, we will address the production of top quark. 

At the Tevatron top quark are produced primarily via two independent mechanisms: 
The dominant production mechanism is the QCD pair production process qq it [4]. 
W-gluon fusion process g + W ib [5, 6] and Drell-Yan type process qq' ib [7] are 
important too. These latter processes produce a single top quark, rather than a it pair. 
Both involve the weak interaction, so they are suppressed relative to the strong production 
of it] however, this suppression is partially compensated by the presence of only one heavy 
particle ( such as the top quark ) in the hnal state. Both processes probe the charged- 
current weak interaction of the top quark. And it was shown in Ref. [8] that the signal for 
single top production in qq' ib via a timelike W boson > (m* -|- rrib)'^ is potentially 
observable at the Tevatron. The signal for this process is unobservable at LHC due to 
the large background from it production and single top production via W-gluon fusion 
[6]. Compared to the single top production via W-gluon fusion the process qq' ib has 
the advantage that the cross section can be calculated reliably because the quark and 
antiquark structure functions at the relevant value of x are better known than the gluon 
structure functions that enter the calculation for the W-gluon cross section. 

In this paper we will concentrate on the single top production process via qq' —ib 
at the Fermilab Tevatron. In the standard model ( SM ), this process can be reliably 
predicted and the theoretical uncertainty in the cross section is only about a few percent 
because of the QCD corrections [9]. Although the statistical error in the measured cross 
section for this process at the Tevatron will be about ± 30% [8], a high-luminosity would 
allow a measurement of the cross section with a statistical uncertainty of about 1% [9]. At 
this level of experimental accuracy a calculation of the radiative corrections is necessary. 
In Ref. [9], the QCD and Yukawa corrections to single-top-quark production via qq' ib 
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have been calculated in the SM. But the QCD corrections were found to be quite large, 
the Yukawa corrections were found to be negligible. The SM electroweak corrections are 
also negligible since which are expected to be comparable to the Yukawa corrections. The 
corrections to the single top cross section in the extensions of the standard model, such 
as the two-Higgs-doublet model ( 2HDM ) [10] and the minimal supersymmetric model 
( MSSM ) [11] have been calculated [12]. In this paper we will address the single top 
production at Tevatron via qq' tb in the one generation technicolor model ( OGTM 
) [13, 14]. We will hnd that the maximum one-loop correction to the total cross section 
for the single-top-production from PGBs in the OGTM may reach -2.4% relative to the 
tree-level cross section, which may be observable at a high-luminosity Tevatron. 

The paper is organized as follows: In section II, we give a brief review of the OGTM 
and then calculate the corrections to the cross section for the single top production via 
qq' tb at the Fermilab Tevatron. Numerical results and discussions are presented in 
section III. 


II. One-loop corrections from PGBs 

In detail, we consider the OGTM [13, 14], in which the global flavor symmetry will 
break as follows: 

SU{8)l X SU{8)r ^ SU{8)l+r, (1) 

when the technifermion condensate < TT >% 0 is formed. Gonsequently 63 ( pseudo 
) Goldstone bosons would be produced from this breaking. When all other interactions 
but the technicolor are turned off, these 63 Goldstone bosons are exactly massless. Three 
of them are eaten by gauge bosons and the others acquire masses ranging from a few to 
above 300 GeV when the gauge interactions are turned on. 

It was known [15] that only the color-singlet p and color-octet ps contribute to the Wtb 
vertex. As for the mass ranges of p and ps, the electroweak contribution to their masses 
is theoretically well understood and can be reliably computed ( with some dependence on 
the technicolor model ) [16]: 

mplEw = 5 — lAGeV. (2) 

The ETG interactions also contribute to rup, but this kind of contribution is very 
model dependent [16], so that it is very difficult to make precise predictions for the light 
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PGB masses. For the ps, the dominant source of its mass derives from the strong color 
interactions. Under the approximation of single-gluon exchange the mass of ps rrip^ was 
estimated [16] according to the relation: 


e.g. 



m2(7r=*=) — m2(7r°) 


oj- ^TC 

Aqcd a em 


TTipg ^ 246 X 



(3) 

(4) 


where the Ntc is the number of technicolor. 

Because the LEP limit on the Higgs bosons mH± > 50 GeV [17], also applies 

to the charged color-singlet p, we here assume that mp = 60GeU. For the mass of the 
color-octets ps, we will consider the range of 


mps = 200 - 400GeU. (5) 

Ellis et al. [15] estimated the Yukawa couplings to the ordinary fermions of the PGBs 
in the OGTM under some simplifying assumptions. The Feynman rules needed in the 
calculation of the effects of the virtual PGBs on the Wth vertex at one-loop level come 
from Ref. [15]. One should bear in mind that the technipion decay constant = 250GeU 
in the hrst paper of Ref. [15] is substituted for = 123GeU for the OGTM. 

Because of the lightness of the b quark when compared with the large top quark mass, 
we will partially neglect the mass of the b quark in the calculation for the sake of simplicity. 
We will use dimensional regularization to regulate all the ultraviolet divergences in the 
virtual loop corrections and we adopt the on-mass-shell renormalization scheme. 

Fig. 1(a) is the tree-level Feynman diagram for single-top-quark production via qq' 
tb. The PGBs’ corrections of order 0{m^/F^) to the process gg' — tb arise from the 
Feynman diagrams shown in Fig.l(b, c, d, e). 

Including the 0{m^/F‘^) PGBs’ corrections, the renormalized amplitude for qq' tb 
can be written as 

g^ 1 

Mren = * —V- ^Ut{p3)T ^Lv {p4)v{p2)'y^ Lu{pi) , (6) 

2 s - mfy 

where pi and p 2 denote the momentum of the incoming quarks g and q', while pa and p 4 
are the momentum of the outgoing t and b quarks, s is the center-of-mass energy of the 
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( 7 ) 


subprocess, and we denote the left and right-handed projectors by 

L,R = ^(1 T 75 ), 

and is given by 

2^^^ + Fl + -^rritHL)], (8) 

where the form factors Fl,Hl originate from the vertex corrections [ Fig. 1(d) ]; 5Zl^ and 
5Z^ are the left-handed held renormalization constants for the b and t quarks respectively, 
and 5^^, 5Z^ have the form of 

SZ'f = + 2 Sy*:=)|k...„,, ( 9 ) 

where "L’Ak^) — and the self-energy ( real part ) has been decomposed aceord- 

ing to 


T.,{k) = T.'jik) f:L + T.f{k) f:R + m,T.){k). 


( 10 ) 


The renormalized differential cross section of the subprocess is 


dd 


ml 


yiAi 


2 

ren \ i 


( 11 ) 


d cos 9 327rs2 

where 9 is the angle between the top quark and incoming quark. Integrating this subpro¬ 
cess differential cross section over cos 9 we get 


d = do -f (5(J 


( 12 ) 


with 


s-m^ rl/o-2 4 m 

(Jo =-TTT-r -(2s — mfS — mg)] 

“ 1287rs2(s-mfiy)2^3^ 


being the tree-level result, and 


5(7 = {5Zt + 5Z^ + 2 Fl + -mtHL)(Jo 

F 57'pg, 


( 13 ) 


( 14 ) 


where S&p and (5dpg stand for the contributions of color-singlet PGBs and color-octet 
PGBs, respectively. The explicit forms of S&p and (5dpg are 

<5dp = ^^^R^Re[Bi{mb,mt,mp) + Bi{mt,mt,mp) + 2m^^B[{mt,mt,mp) 
+m^B[{mt, mb, mp) + 2m^BQ{mt, mt, mp) -f 4^24 + ^*(^22 - G 23 - Cn -f Gi2)(15) 
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with Cij = Cij{mb,rnt.,\/§.,rnp,mt.,mp) and B[ = where functions Bi, Bq and Cij 

can be found in Ref. [18], and 


ScTp^ — 18(5(Tp| 


^P8 


( 16 ) 


It can be easily found from eqs.(15, 16) that all the ultraviolet divergences are canceled 
for p, ps respectively and therefore the results are hnite. 

The hadronic cross section is obtained by convoluting the subprocess cross section aij 
of partons i and j with parton distribution functions //^()ri,Q) and ffix 2 ,Q), which is 
given by 


a(s) 


with 


S/ dxidx2[f,^ixi, Q)ff {x2, Q) + {A 



1 dLjj 
s dr 






(17) 


d^ = / g)/f (r/ri, Q) + {A ^ B)]. (18) 

QT Jt Xi 

In the above the sum runs over all incoming partons carrying a fraction of the proton 
and antiproton momenta ( pi ,2 = xi^ 2 Pi ,2 ), \As = 2TeV is the center-of-mass energy 
of the Tevatron, r = XiX 2 , and Tq = Arnj/s. As in Ref. [19], we do not distinguish 
the factorization scale Q and the renormalization scale p and take both as \f§. In our 
numerical calculations, we have used the CTEQ3L parton distribution functions [20]. 


III. Numerical results and discussions 

In the following, we present the numerical results for the PGBs’ corrections to the total 
cross section for single-top-quark production via qq' tb at the Fermilab Tevatron with 
y/s = 2TeV. In our numerical calculations we use mz = 91.188GeI/, mw = 80.33GeR, 
Gp = 1.166372 X Vtb = 1, p = VS, rrit = 176GeR, rrib = 4:.7GeV, rrip = 

60GeR and rup^ = 200 — 400GeR as input parameters. 

In Fig.2 we plot 5a/ao as a function of rripg. From Fig.2 one can End that the maximum 
correction to the total cross section may reach -2.4%, which is expected to be observable 
at a high-luminosity Tevatron. 
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To summarize, we calculated the one-loop corrections to the single top production 
via qq' ib at the Fermilab Tevatron from the PGBs in the one-generation technicolor 
model. We found that the maximum correction to the total cross section could reach 
-2.4%, which may be observable at a high-luminosity Tevatron. 
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Figure captions 


Fig. 1(a): The Feynman diagram of tree-level qq' —> tb process. 

Fig.l(b, c, d, e): The Feynman diagrams of one-loop corrections to the Wth vertex 
from PGBs in the OGTM . 

Fig.2: The plot of 5a/aQ versus rup^ in the OGTM ( assuming nip = QQGeV ). 
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